Objective: Findings from cohort studies investigating the association between rice consumption and risk of chronic diseases or mortality have been inconsistent. We performed a comprehensive systematic review and meta-analysis on all published cohort studies examining white rice consumption in relation to incidence of chronic diseases or risk of mortality. Design: A systematic literature search of MEDLINE, Embase, Cochrane review, Google Scholar and Scopus databases for relevant cohort studies published until July 2014. For systematic review, we found nineteen studies examining the association between rice intake and risk of chronic diseases (obesity, hypertension, metabolic syndrome, diabetes, CVD and cancers) or mortality. Cohort studies which reported relative risk (RR) or odds ratio for highest v. lowest intake of rice and chronic diseases or mortality were included in the meta-analysis. Results: In a meta-analysis on seventeen risk estimates for highest v. lowest category of rice intake, provided from twelve studies, we found a trend towards a positive association (RR; 95 % CI) between rice consumption and risk of all chronic diseases (1·11; 0·96, 1·29); however, significant between-study heterogeneity was found (I 2 = 70·3 %, P < 0·001). Stratified analysis by gender showed a significant positive association between rice consumption and risk of chronic diseases in women (1·40; 1·13, 1·73), but not in men (0·95; 0·72, 1·24). Combining ten effect sizes from five studies showed that high consumption of rice was not significantly associated with mortality (0·97; 0·88, 1·06). Subgroup analysis by gender indicated an inverse association between rice consumption and mortality in men (0·87; 0·81, 0·94), but a trend towards a positive association in women (1·08; 0·97, 1·19). Conclusions: Although white rice consumption was not found to be associated with individual chronic conditions, we observed a positive association between white rice intake and risk of all overall chronic diseases in women. High rice consumption was related to a modest reduction in risk of mortality in men but not in women. Further studies of these relationships, in different populations, are needed.
of cardiometabolic conditions directly by straining the glucose homeostatic system or indirectly by displacing the consumption of wholegrain foods that may exert protective effects (5) . However, findings from earlier cohort studies that investigated the association between rice consumption and risk of chronic diseases or mortality have been inconsistent. With respect to diabetes, a positive association was documented in a meta-analysis of cohort studies (5) ; this association was stronger for Asians than for Western populations. Another recent meta-analysis revealed no significant association between rice intake and diabetes (6) . In terms of CVD, one study has reported a positive association (7) while another one found no relationship (8) . Most studies that investigated rice intake in relation to different cancers have reported no associations (9) (10) (11) (12) ; however, some have reached significant associations with the risk of prostate and upper aerodigestive tract cancer (13, 14) . Finally, while three studies have reported no association between rice consumption and mortality (8, 15, 16) , two other investigations found an inverse relationship between rice intake and mortality in men, but not in women (17, 18) . Some publications have shown that the replacement of rice with fruit, vegetables or whole-wheat bread might reduce the risk of mortality from CVD (15) . On the other hand, a cohort study in a Japanese population showed that rice intake was associated with reduced risks of mortality from CHD, heart failure and total CVD in men (17) . Overall, findings on rice intake, incident chronic diseases and risk of mortality are inconclusive. Given the high contribution of rice intake to total energy intake and to help resolve these inconsistencies, we performed a comprehensive systematic review and meta-analysis on all published cohort studies examining white rice consumption in relation to incidence of chronic diseases or risk of mortality.
Methods

Search strategy
We conducted a literature search, up to July 2014, of MEDLINE, Embase, Cochrane review, Google Scholar and Scopus databases for prospective or retrospective cohort studies examining the association between rice intake and risk of chronic diseases or mortality. The search terms were (rice(tiab) OR rice(MeSH) OR grain(tiab) OR 'oryza stativa' (MeSH)) AND ('cohort' OR 'longitudinal' OR 'prospective' OR 'future') for MEDLINE and ('rice'/exp OR rice OR 'grain'/ exp OR grain) for Embase. The search was restricted to human studies. Because of resource limitations, we did not include grey literature (such as dissertations and patents) in our search. There were no language restrictions. We did not include the outcome in our search to have complete information about the studies that had been performed on rice. We also performed a manual search of references cited by the published original studies and relevant review articles. After excluding 1362 duplicate studies from different databases, the contents of 1255 abstracts or full-text manuscripts identified through the literature search were reviewed independently by two investigators (P.S. and A.E.) in duplicate to determine whether they met the inclusion criteria. We conformed as much as practicable to the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines in the reporting of the present systematic review and meta-analysis.
Inclusion criteria
Studies were eligible for inclusion in the current analysis if: (i) their main exposure was rice consumption; (ii) they had a prospective or retrospective cohort design; (iii) their final outcome was occurrence of a chronic disease or mortality; and (iv) estimates of relative risks (RR), hazard ratios (HR) or OR with corresponding 95 % CI for the highest v. lowest category of rice consumption were provided. Because of the frequent consumption of white rice across the world, we considered only white rice consumption in the current study. Several studies that had reported the association between major dietary patterns (and rice was an ingredient of these dietary patterns) and risk of chronic diseases or mortality were not included in the current study. Chronic diseases that were considered in the study were incidence of obesity, hypertension, metabolic syndrome (MetS), diabetes, CVD, CHD, IHD, stroke and different types of cancer. Although we found sufficient records for risk of type 2 diabetes and mortality to pool specifically for these outcomes, there were insufficient reports to pool for stroke or even CVD, due to very limited studies. So, we pooled incidence of certain chronic diseases together to get a general conclusion of the association between white rice consumption with risk of chronic disease, as estimating the combined risk of several chronic diseases was common in previous meta-analysis (19) .
Excluded studies
One report reported RR for all-cause and cancer mortality in 2007 and again for cardiovascular mortality in 2010 based on the same study population (17, 18) . Therefore, we decided to include RR for cancer (18) and cardiovascular mortality (17, 18) in the present meta-analysis and excluded the RR for all-cause mortality. If a study reported data for CVD as well as CHD and stroke, CVD was included in the analysis. One cohort study (20) provided RR for hypertension, abdominal obesity and MetS; since hypertension and abdominal obesity are components of MetS, we used only the RR for MetS in the meta-analysis. Some studies that reported OR or RR for rice intake in combination with pasta or refined grain intake were excluded from the analysis (7, 13) .
Data extraction
We extracted the following information from each paper: (i) study's characteristics (first author, year of publication, study location, duration of follow-up, person-years, and number of participants and incident cases); (ii) participants' characteristics (age and gender); (iii) data on exposure (rice intake as the main exposure) and dietary assessment method; (iv) information about outcome (incidence of CVD, CHD, IHD, stroke, MetS, diabetes and different types of cancer, as well as mortality from any cause) and its ascertainment; (v) covariates adjusted for in the analyses; and (vi) risk estimates and their 95 % CI. Two investigators (P.S. and A.E.) extracted data independently, and any discrepancies were resolved by discussion. For studies that expressed data separately for men and women (4, 9, 11, (15) (16) (17) (18) or included data from multiple cohorts (21) , we considered the analysis for each gender or cohort as an independent report and extracted data separately.
Assessment of methodological quality
The quality of studies included in the meta-analysis was examined by using a score previously developed for quality assessment of cohort studies (5) . The score assigns a maximum of 15 points to each cohort study for study design, response rate, follow-up time, exposure and outcome measurements, and statistical analysis (see online supplementary material, Supplemental Table 1 ). In the current analysis, when a study received more than a median score, it was considered as relatively high quality; otherwise it was deemed to have low quality. Any discrepancies were resolved by discussion.
Statistical analysis RR, HR or OR for comparison of the highest v. the lowest category of rice intake were used as the measure of association between rice consumption and risk of developing a chronic disease or mortality. Meta-analyses were performed using the random-effects model, calculating both Q statistics and I 2 as indicators of heterogeneity. In the case of significant between-study heterogeneity, we used subgroup analysis to find out possible sources of heterogeneity. Between-subgroup heterogeneity was examined through fixed-effects modelling. To assess the potential for publication bias, we constructed funnel plots for each outcome in which log RR values were plotted v. their SE. We also conducted a sensitivity analysis in which each prospective cohort study was excluded in turn to evaluate the influence of that prospective cohort study on the overall estimate. Statistical analyses were conducted using the statistical software package Stata version 11.2. P values less than 0·05 were considered statistically significant.
Results
Study characteristics
The preliminary literature search yielded 1255 unique publications. Of these, 1204 were excluded on the basis of the title or abstract. Of the remaining fifty-one studies, thirty-two were excluded for the following reasons:
case-control study (n 2), provided RR for rice in combination with pasta or refined grain intake (n 2), study reported standardized mortality ratios (n 4) or study assessed major dietary patterns in relation to the risk (n 24). Therefore, we included a total of nineteen cohort studies (4, (8) (9) (10) (11) (12) (14) (15) (16) (17) (18) (20) (21) (22) (23) (24) (25) (26) (27) in the systematic review. Three studies (10, 22, 25) that reported RR for rice consumption as a continuous variable were included in the systematic review, but not in the meta-analysis. Finally, sixteen prospective cohort studies (4, 8, 9, 11, 12, (14) (15) (16) (17) (18) 20, 21, 23, 24, 26, 27) (out of nineteen papers included in systematic review) were included in the meta-analysis. Overall, twenty-seven effect sizes were extracted from these sixteen publications; seven studies provided subgroup analysis based on gender (4, 8, 9, (15) (16) (17) (18) , one publication reported data separately from three independent cohorts (21) and another study reported RR for two different CVD (CHD and stroke) and mortality (8) . The flow diagram of the study selection process is indicated in Fig. 1 . The characteristics of studies included in the systematic review are presented in Table 1 .
Findings from systematic review Out of the nineteen cohort studies, published between 1989 and 2014, nine were conducted in Japan (4, 8, 9, 11, 12, 14, (16) (17) (18) , four in China (15, 20, 25, 26) , two in Australia (10, 27) , one was reported from three independent cohorts in the USA (21) , and the remainder came from Brazil (22) , Spain (24) and Iran (23) . The number of participants ranged from 409 to 91 223, with age range from 18 to 79 years. Eighteen cohort studies had a prospective design, whereas one study (22) had a retrospective design. Of the nineteen studies, fourteen publications reported RR for incident chronic diseases, four papers for mortality and one publication for both chronic diseases and mortality. Among those that reported RR for chronic diseases, seven studies considered incident type 2 diabetes as the outcome, five reported risks for different cancer subtypes (prostate, stomach, upper aerodigestive tract, breast and colorectal cancer), one considered cardiovascular events (along with mortality from CVD) and two reported risks for MetS. Those that reported RR for mortality had considered all CVD (n 2), IHD (n 1), stroke (n 1) and all cancers (n 1) as their outcome. All publications used an FFQ for dietary assessment except for the study by Kato et al. (11) , which used a ten-item short questionnaire for assessing dietary intakes including white rice. In total, 553 518 individuals were included in the fifteen studies that reported risks for chronic disease and 362 500 individuals were included in the five reports on mortality. Among the participants, 21 511 incident cases of all chronic diseases and 14 306 deaths occurred during follow-up periods ranging from 3 to 24 years. Reported OR or RR for chronic diseases were in the range of 0·38 to 1·78, and for mortality between 0·82 and 1·37. Nearly all studies that reported OR or RR used multivariable logistic or Cox regression analysis. However, the number and type of potential confounders controlled for were different between studies. Most studies had controlled for age and gender (when relevant). Several studies had done further adjustments for total energy intake, smoking, alcohol consumption, physical activity and BMI. In addition, education, history of hypertension, area of study and dietary intakes were also considered in some studies. Results from the quality assessment of the sixteen studies included in the meta-analysis are presented in the online supplementary material, Supplemental Table 1 ; half of the studies achieved a score of 12 or above.
Findings from meta-analysis on rice consumption and risk of chronic diseases In a meta-analysis on seventeen risk estimates for the highest v. the lowest category of rice intake, provided from twelve studies (4, 8, 9, 11, 12, 14, 20, 21, 23, 24, 26, 27) , we found a trend towards a positive association between rice consumption and risk of all chronic diseases (RR = 1·11; 95 % CI 0·96, 1·29; Fig. 2) ; however, significant between-study heterogeneity was found (I 2 = 70·3 %, P < 0·001). When we conducted stratified analysis by gender, we found a significant positive association between rice consumption and risk of chronic diseases in women (RR = 1·40; 95 % CI 1·13, 1·73), but not in men (OR = 0·95; 95 % CI 0·72, 1·24; Fig. 2 ).
Further analysis based on adjustment for energy intake as a possible source of between-study heterogeneity revealed a significant association between rice consumption and increased risk of chronic diseases for studies that controlled for energy intake (RR = 1·15; 95 % CI 1·00, 1·34); however, for publications that did not take energy intake into account in their analyses, we failed to find any significant association (RR = 0·73; 95 % CI 0·37, 1·45; Fig. 3 ).
Findings from subgroup analyses on main outcome, study quality and geographical area are presented in Table 2 . The combined RR for high-quality cohort studies (quality score >12) showed an elevated risk of chronic diseases with high rice intake (RR = 1·18; (5 % CI 1·00, 1·38). However, the analysis on geographical area revealed no significant association between rice consumption and risk of individual chronic diseases. Also, subgroup analysis based on the main outcome revealed no significant association between rice consumption and . *Adjustments were: 1 = age; 2 = year of interview; 3 = father's dialect; 4 = total energy intake; 5 = smoking; 6 = alcohol consumption; 7 = physical activity; 8 = sleep duration; 9 = education; 10 = BMI; 11 = history of hypertension; 12 = menopausal status and hormone replacement therapy use (for women only); 13 = ratio of polyunsaturated to saturated fat; 14 = consumption of noodles, vegetables, fruit, fish, red meat, poultry, eggs, legumes, soya protein, white bread and whole-wheat bread; 15 = ethnicity/sociodemographic; 16 = gender; 17 = public health centre area or area of study; 18 = history of diabetes; 19 = use of lipid-lowering drugs; 20 = occupation or income level; 21 = intake of sodium or salt; 22 = perceived mental stress; 23 = Key's dietary score; 24 = dietary fibre; 25 = intake of total fat; 26 = intake of carbohydrate and protein; 27 = family history of diabetes; 28 = 5-year weight change; 29 = waist-to-hip ratio; 30 = multivitamin use; 31 = intake of coffee; 32 = oral contraceptive use; 33 = abnormal glucose regulation. Fig. 3 Forest plot of the association between rice consumption and chronic disease risk, stratified by energy adjustment status in the studies. The study-specific RR and 95 % CI are represented by the grey square and horizontal line, respectively; the area of the grey square is proportional to the specific-study weight to the overall meta-analysis. The centre of the diamond represents the pooled RR and its width represents the pooled 95 % CI CVD (RR = 1·02; 95 % 0·92, 1·14; I 2 = 0·0 %, P = 0·63), MetS (RR = 1·14; 95 % CI 0·53, 2·46; I 2 = 76·5 %, P = 0·04), type 2 diabetes (RR = 1·20; 95 % CI 0·97, 1·49; I 2 = 75·2 %, P < 0·001) and different cancers (RR = 0·91; 95 % CI 0·65, 1·25; I 2 = 33·3 %, P = 0·20; Table 2 ). In sensitivity analysis, we found that the exclusion of any single prospective cohort study from the analysis did not alter the overall association. There was also no evidence of publication bias (P = 0·56 by Egger's test, P = 0·68 by Begg's test).
Findings from meta-analysis on rice consumption and risk of mortality Overall, combining ten effect sizes from five studies (8, (15) (16) (17) (18) showed that high consumption of rice was not significantly associated with mortality (RR = 0·97; Fig. 4 Forest plot of the association between rice consumption and mortality risk, stratified by gender. The study-specific RR and 95 % CI are represented by the grey square and horizontal line, respectively; the area of the grey square is proportional to the specific-study weight to the overall meta-analysis. The centre of the diamond represents the pooled RR and its width represents the pooled 95 % CI 95 % CI 0·88, 1·06; Fig. 4) . Stratified analysis by gender indicated an inverse association between rice consumption and mortality in men (RR = 0·87; 5 % CI 0·81, 0·94), but a trend towards a positive association in women (RR = 1·08; 95 % CI 0·97, 1·19; Fig. 4 ). Out of five included studies, all had reported mortality from CVD events, except for one study that had reported RR for cancer mortality. We conducted a sensitivity analysis excluding that study (18) and found no significant association in the whole population (RR = 0·99; 95 % CI 0·87, 1·11) or in women (RR = 1·13; 95 % CI 0·97, 1·32), but a slight protective association in men (RR = 0·88; 95 % CI 0·78, 0·99). Subgroup analysis by energy adjustment as well as study quality (Table 2 ) revealed no alteration in the findings. A sensitivity analysis was performed to examine the influence of each individual study on the overall results. These findings showed no significant effect of any individual study on the overall findings. There was also no significant asymmetry in the funnel plots, suggesting no evidence of publication bias (P = 0·15 by Egger's test, P = 0·42 by Begg's test).
Discussion
The present meta-analysis of prospective cohort studies indicated that high rice consumption was associated with a 40 % greater risk of chronic diseases in women, but not in men. A significant association between high rice consumption and increased risk of chronic diseases was also found for cohort studies that adjusted their analyses for total energy intake as well as for high-quality studies. With regard to mortality, we found a 13 % lower risk of mortality among men with the highest rice intake compared with those with the lowest intake; however, the combined estimate for both genders did not reach statistical significance. To our knowledge, the current is the first systematic review and meta-analysis of cohort studies that has summarized the prior evidence regarding the association between rice consumption and risk of chronic diseases and mortality.
We found a positive association between high rice intake and chronic diseases in women but not in men. This finding reflects the unfavourable metabolic consequences of consuming rice, as a high-glycaemic-index or highglycaemic-load food, in women (28, 29) . Previous investigations among Dutch women have shown that consuming high-glycaemic-index foods increases the risk of CVD, particularly in overweight women (28, 29) . Another possible explanation for this finding might be that the number of events in females was more frequent than in males (10 444 v. 4316 events of chronic diseases). In addition, women use more health-care services than men and they live longer than men; albeit with greater disabilities. Moreover, high consumption of white rice has resulted in reduced circulating HDL cholesterol concentrations (30) and thus disproportionately increased CVD risk in women, particularly in postmenopausal women (30) . It seems that highglycaemic-index diets strongly affect metabolic profile and might increase insulin resistance in women compared with men. This might be explained by the interaction between these foods and hormonal profiles of women (31) . Insulin resistance is negatively correlated with oestrogen levels in women (32) ; therefore, an increased demand for insulin after rice intake might reduce the beneficial effects of oestrogen (32) . One might assume that the high incidence of chronic diseases in women, due to their limited activity and their unhealthy diet, might explain the positive association between rice consumption and these conditions. This is particularly relevant for developing nations where most women are housewives; however, some previous studies have shown that the prevalences of some chronic diseases such as CVD and diabetes are not significantly different in men and women, at least in South-East Asia (33) (34) (35) . Further studies in different societies are needed to shed light on this finding.
The present meta-analysis revealed an inverse relationship between rice intake and mortality in men; but a non-significant elevated risk of mortality was reached in women. A careful review of five prospective cohort studies included in the meta-analysis highlighted the point that all of these investigations were conducted in Asian countries. Rice has been a staple food in Asian populations for thousands of years, but it may be difficult to disentangle the effects of high rice consumption per se from the effects of foods typically consumed along with rice in mixed dishes in Asian countries (15, 17) . So, there is a need for further large-scale prospective studies in different countries to determine whether rice intake can decrease the risk of mortality. Furthermore, investigators of earlier publications on rice and mortality have claimed that the fibre content of rice in some Asian countries, like Japan, is a bit higher than that in other countries (17) . However, the type of rice frequently consumed in these countries has not been well introduced in their publications (36) . Out of five cohort studies that assessed rice intake and mortality (8, (15) (16) (17) (18) , two studies (17, 18) reached a significant inverse association in men. These studies had been done on the same study population in Japan and their findings need further clarifications (36) . In the current meta-analysis, we found no significant association between white rice consumption and risk of CVD, MetS, type 2 diabetes or cancers; this might be due to the very limited studies in each category of individual chronic diseases. However, findings from a meta-analysis of seven distinct prospective cohort studies (5) documented a positive association between rice consumption and risk of type 2 diabetes; this association was stronger for Asians than for Western populations. In line with our findings, that meta-analysis (5) reported that the association was more pronounced among women (pooled RR = 1·46; 95 % CI 1·16 to 1·83) than men (RR = 1·08; 95 % CI 0·87 to 1·34).
In contrast, we found no significant difference in the associations between rice consumption and risk of chronic diseases in Asian v. non-Asian countries. Studies included in the current analysis were reported from Japan, China, Brazil, Australia, Spain and the USA; however, the number of studies included was not sufficient to analyse reports from these countries separately. It is worth noting that the cultures, in particular the dietary intakes, of people of these countries are very different and might further affect the findings. In addition, other risk factors, such as lower BMI in the Japanese v. Brazilian population, additives and pesticides (whose presence might transform a healthy food into a poison), might influence the results.
Since consumption of brown rice is not common in most parts of the world, previous studies did not distinguish between white and brown rice in the questionnaires. Among studies included in the present systematic review, only four studies (16, 21, 23, 24) indicated RR for white rice and others reported the risk for rice. Data on the association between brown rice intake and chronic diseases are limited. A recent meta-analysis has documented that brown rice intake was associated with an 11 % reduction in risk of type 2 diabetes (6) , but this summary effect was based on only three cohort studies in Western populations. Asian populations consume white rice frequently and there are no data available on the relationship between brown rice intake and risk of chronic diseases in these populations. Further prospective cohort studies are needed to shed light on whether substituting brown rice for white rice can affect chronic diseases or mortality risk, especially in Asian populations.
There are plausible mechanisms linking the development of chronic diseases with rice consumption. The high glycaemic index and glycaemic load of white rice may contribute to elevated risk of chronic diseases through chronically increasing insulin demand and insulin resistance (37) . High glucose and insulin concentrations are associated with increased risk of CVD, including decreased concentrations of HDL cholesterol, increased glycosylated proteins, oxidative status, haemostatic variables, poor endothelial function and cell proliferation (38) . Furthermore, high rice consumption is associated with high concentrations of inflammatory markers including plasminogen activator inhibitor type 1, C-reactive protein and fibrinogen (39) , which might mediate the risk for chronic diseases. In addition, due to the milling process, white rice has low content of many nutrients including insoluble fibre, magnesium, vitamins, lignans, plant stanols and sterols, and phyto-oestrogens (40) . Most of these nutrients have been associated with lower risk of chronic diseases in prospective cohort studies (40) (41) (42) . The present meta-analysis has notable strengths. A major one is that all original studies included in the meta-analysis had a prospective cohort design that could minimize the potential recall and selection bias. Almost all studies were done on large population samples, which can help detection of significant associations, if any. A significant limitation, however, is the fact that the current data on rice intake and mortality were restricted to Asian populations and the summarized estimate of the five prospective cohorts in the current study needs to be further verified. Although we systematically searched the online databases, as with other meta-analyses, some published or unpublished literature, including grey literature, might be difficult to trace via conventional channels and missing these publications must be taken into account in the interpretation of our findings. In addition, despite comprehensive adjustments for confounders in all publications, residual confounding in observational studies is always a concern. Furthermore, we were unable to separate data on brown rice from those on white rice in the current meta-analysis because this has not been well separated in earlier publications. Lastly, almost all studies used an FFQ to assess white rice consumption; although validation studies in most studies had shown reasonable validity of self-reported rice intake, misclassification is inevitable in epidemiological studies and may attenuate the true associations.
Conclusion
In conclusion, although the present meta-analysis of cohort studies did not find white rice consumption to be associated with individual chronic conditions, we observed a positive association between white rice intake and risk of all overall chronic diseases in women. High intake of rice was also associated with a modest reduction in risk of mortality in men, but not in women.
